The medial shell region of the nucleus accumbens (msNAc) is a key center for the regulation of goaldirected behavior and is likely to be dysfunctional in neuropsychiatric disorders such as addiction, depression and schizophrenia. Nitric oxide (NO)-producing interneurons in the msNAc are potently modulated by dopamine (DA) and may play an important role in synaptic integration in msNAc networks. In this study, neuronal NO synthase (nNOS) activity was measured in anesthetized rats using amperometric microsensors implanted into the msNAc or via histochemical techniques. In amperometric studies, NO oxidation current was recorded prior to and during electrical stimulation of the ipsilateral fimbria. Fimbria stimulation elicited a frequency and intensity-dependent increase in msNAc NO efflux which was attenuated by systemic administration of the nNOS inhibitor N G -propyl-L-arginine. Parallel studies using NADPH-diaphorase histochemistry to assay nNOS activity produced highly complementary outcomes. Moreover, systemic administration of either a DA D1 receptor agonist or a DA D2 receptor antagonist potentiated nNOS activity in the msNAc elicited by fimbria stimulation. These observations demonstrate for the first time that NO synthesis in nNOS expressing interneurons in the msNAc is facilitated by robust activation of hippocampal afferents in a manner that is differentially modulated by DA D1 and D2 receptor activation.
Introduction
The nucleus accumbens (NAc) lies in the rostral ventromedial region of the striatal complex and is thought to function as a "limbic-motor interface" which is critically involved in motivational processes, action selection, and suppression of inappropriate behaviors (Mogenson et al., 1980; Floresco, 2015; Dalley and Robbins, 2017) . The medial shell of the nucleus accumbens (msNAc) in particular is thought to play a key role in facilitating the reinforcing properties of drugs of abuse and mediating goal directed behavior, while suppressing unrewarding or irrelevant behaviors (Basso and Kelley, 1999; Everitt et al., 1999; Sellings and Clarke, 2003; Burton et al., 2015) . The msNAc processes diverse information arriving from the prefrontal cortex, mediodorsal thalamus, and various limbic centers (e.g., ventral hippocampus and basolateral amygdala) to enable control of NAc output, synaptic plasticity and goaldirected behavior (Groenewegen et al., 1999; Brog et al., 1993; Finch, 1996; O'Donnell and Grace, 1995; Floresco et al., 2001) . The msNAc receives dopaminergic innervation from the posteromedial ventral tegmental area (Beckstead et al., 1979; Voorn et al., 1986; Ikemoto, 2007) , which plays a central role in modulating excitatory synaptic drive onto NAc interneurons and projection neurons (O'Donnell, 2003; Goto and Grace, 2008) . A better understanding of this processing is critical as dysregulation of NAc neurotransmission and synaptic plasticity is thought to occur in neuropsychiatric disorders such as addiction, depression, and schizophrenia (Grace, 2016; Wolf, 2016; Chuhma et al., 2017) .
On the cellular level, the msNAc consists of a complex network of GABAergic medium-sized spiny projection neurons (MSNs) and a variety of distinct subclasses of interneurons (Meredith and Totterdell, 1999) . Nitric oxide (NO) is a gaseous neurotransmitter synthesized in the msNAc by local interneurons containing neuronal nitric oxide synthase (nNOS) (Vincent, 2010; Hidaka and Totterdell, 2001; Hoque and West, 2012) . nNOS expressing interneurons in the msNAc and striatal complex are robustly innervated by dopaminergic afferents (Fujiyama and Masuko, 1996; Meredith and Totterdell, 1999; Hidaka and Totterdell, 2001; Mitkovski et al., 2012) and express DA D1 receptor mRNA and D5 receptor protein (Le et al., 1991; Centonze et al., 2003; Rivera et al., 2002) . However the co-localization of D2-like receptors or mRNA with peptidergic or other markers of nNOS interneurons has not been reported. Our previous work in the dorsal striatum and NAc subregions indicates that DA D1 and D2 receptor activation produce opposite modulatory effects on nNOS activity (Sammut et al., 2006 (Sammut et al., , 2007 Hoque et al., 2010; Hoque and West, 2012) . For instance, electrical and chemical stimulation of the substantia nigra and systemic DA D1 receptor agonist administration were both observed to increase striatal NO efflux via nNOS and DA D1 receptor-dependent mechanisms (Sammut et al., 2006 (Sammut et al., , 2007 Park and West, 2009 ). These facilitatory effects of DA D1 receptor activation on striatal NO efflux were attenuated by systemic administration of DA D2 receptor agonist, whereas administration of DA D2 receptor antagonist augmented NO efflux evoked via electrical stimulation of the substantia nigra (Sammut et al., 2007) . These observations are consistent with biochemical studies showing that DA D1/5 receptor activation elevated striatal tissue levels of cGMP (Altar et al., 1990; Di Stefano et al., 2005; Suiciak et al., 2006; Lin et al., 2010) , whereas D1/5 antagonism decreased cGMP tone (Altar et al., 1990; Di Stefano et al., 2005) . Conversely, DA D2 receptor activation decreased striatal tissue levels of cGMP (Di Stefano et al., 2005) while DA D2 receptor antagonism increased cGMP tone (Altar et al., 1990; Di Stefano et al., 2005) . Furthermore, studies using NADPHdiaphorase (NADPH-d) staining as a readout of nNOS activity in the dorsal striatum and NAc have shown that DA D1 receptor antagonism decreased enzyme activity, whereas D2 receptor antagonism had the opposite effect (Morris et al., 1997; Hoque et al., 2010; Hoque and West, 2012) . Our laboratory has also shown that NMDA receptor antagonists attenuate basal nNOS activity and activity elicited by systemic administration of DA D1/5 agonists and D2 antagonists in the NAc shell (Hoque and West, 2012) , however, the source of the glutamatergic input responsible for driving NO synthesis and the impact of DA tone on this drive has not been determined. Given that nNOS interneurons in the NAc receive asymmetric glutamatergic contacts from the hippocampal ventral subiculum (French et al., 2005) and facilitate glutamate efflux evoked by fimbria/fornix stimulation (Kraus and Prast, 2002) , we hypothesized that glutamate release from these afferents plays a key role in activating nNOS interneurons and that this synaptic drive is modulated by DA. The current study tested this hypothesis in intact rats using electrochemical recording techniques and NADPH-d histochemistry to investigate the impact of activation of the hippocampal fimbria on nNOS activity in the msNAc.
Materials and methods

Chemicals
Urethane, the D1 receptor agonist R-(þ)-SKF 81297 hydrobromide (SKF), the D2 receptor antagonist S-(À)-eticlopride hydrochloric acid (ETI), and reduced NADPH were purchased from Sigma-RBI (St. Louis, MO). The selective nNOS inhibitor N G -propyl-L-arginine (NPA) and NBT were purchased from Tocris (Ellisville, MO) All other reagents were of the highest grade commercially available.
Animals
Electrochemical and histochemical measurements were taken from a total of 52 adult male Sprague-Dawley (Harlan, Indianapolis, IN) rats weighing 229e400 g. Rats were housed two-per cage under conditions of constant temperature (21e23 C) and maintained on a 12:12 h light/dark cycle with food and water available ad libitum. All animal procedures were approved by the Rosalind Franklin University of Medicine and Science Institutional Animal Care and Use Committee and adhere to the Guide for the Care and Use of Laboratory Animals published by the USPHS.
Subjects and surgery
Prior to surgery, animals were deeply anesthetized with urethane (1.5e2 g/kg, i.p.) and placed in a stereotaxic apparatus. A burr hole (~2e3 mm) was drilled in the skull and the dura mater were resected. The level of anesthesia was assessed via the hind limb compression reflex and maintained using supplemental administration of urethane. Body temperature was monitored using a rectal probe and maintained at 37e38 C with a heating pad. Concentric bipolar stimulating electrodes were implanted into the hippocampal fimbria using a micromanipulator (coordinates from Bregma: À1.3 mm anterior, 1.6 mm lateral, and 4.0 mm ventral). In a subset of animals, sham simulated control animals, a stimulating electrode was implanted as described but no stimulation was delivered. For electrochemical experiments, NO microsensors were implanted into the medial shell region of the nucleus accumbens ipsilateral to the stimulating electrode (coordinates from Bregma: 1.6 mm anterior, 0.7 mm lateral, and 7.8 mm ventral) (Paxinos and Watson, 1986) . All experiments were initiated~1e2 h post-surgery.
Drug preparation and administration
All drugs were dissolved in physiological saline (SAL, 0.9% NaCl). Either SAL alone, the specific neuronal NOS inhibitor NPA (20 mg/ kg), the D1 receptor agonist SKF (500 mg/kg, i.p.) or D2 receptor antagonist ETI (100 mg/kg, i.p.) were administered (i.p.) 20 min prior to initiation of fimbria stimulation. Effective doses and time courses for drug pretreatments were derived from the ranges previously reported by our lab and others (Floresco et al., 2001; Sammut et al., 2007; Hoque et al., 2010; Hoque and West, 2012) .
Electrochemical detection of nitric oxide
Extracellular levels of NO were determined in the medial shell of the NAc using an NO selective, amperometric microsensor (amiNO-100, Innovative Instruments, Inc., Tampa, FL). NO is oxidized at the tip of the working electrode which keeps a constant potential of 0.85 V against a built in Ag/AgCl reference electrode. The oxidation current is detected by an amplifier (Apollo 4000) and recorded using software applications running on an IntelTM-based microcomputer. Prior to each experiment, the electrode was calibrated in a temperature controlled chamber using known solutions of the NO generating compound S-nitroso-Neacetyl-penicillamine (Sammut et al., 2006) . Calibration curves were calculated prior to each experiment in order to determine the sensitivity of the electrode and confirm that the NO oxidation current exhibited a linear response to NO concentrations ranging from 0.6 to 48 nM. The lower detection limit of NO microsensors was approximately 0.1e0.5 nM NO. Stable NO oxidation signals were obtained in vivo for at least 150 s prior to electrical stimulation of the fimbria.
Electrical stimulation
In electrochemical experiments, electrical stimuli consisted of trains (50 Hz, 500 ms train duration, 2.0 s inter-train interval) of pulses (1000, 750 or 500 mA) or single pulses (5 or 0.5 Hz, 500 ms train duration, 1000, 750 or 500 mA) delivered for a single 20 s period (10 trains). NAc NO levels were monitored continuously during the stimulation period and for an additional 300e400 s following cessation of the stimulation. Similar parameters were used in histochemical studies except stimulation was delivered at either 0.5 Hz or 50 Hz in 20 s intervals over a 20 min stimulus trial (see Fig. 1 ).
Histological confirmation of stimulating electrode placement
In electrochemical microsensor experiments, rats were perfused transcardially with ice-cold saline followed by 10% phosphate buffered formalin. Brains were postfixed in sucrose/formalin solution (30%), then sectioned, mounted, and stained with Neutral red/ Cresyl Violet (10:1). Slides were then rinsed, dehydrated and coverslipped. Slides from all rats were viewed under a microscope to confirm correct stereotactic placement of all stimulating and recording electrodes.
NADPH-diaphorase histochemistry
NADPH-d staining was performed as described previously (Hoque et al., 2010; Hoque and West, 2012) . Briefly, brains were extracted and immersed in a 30% sucrose/10% formalin solution for 24 h, then frozen over dry ice and stored at À80 C. Next, brains were cut with a cryostat (Microm HM 550) to obtain 40 mm thick coronal sections. Serial, coronal sections were then mounted on gelatinized slides, rinsed 3 times in 0.1 mol/L phosphate buffered SAL, washed in phosphate buffered SAL containing 0.25% Triton X-100, and incubated at room temperature on a rotary shaker for 5 min, followed by incubation at 37 C for 60 min in phosphate buffered SAL/Triton solution containing 0.2 mg/mL NADPH and 0.25 mg/mL nitroblue tetrazolium. Slides were then rinsed, dehydrated and coverslipped.
Data analysis
In electrochemical experiments, data are expressed as concentration NO (nM) as extrapolated from in vitro calibration curves or percent control as indicated (Sammut et al., 2006) . The NO oxidation current recorded over the last 30 s of the pre-stimulation period was averaged. The baseline mean was then subtracted from the mean NO oxidation current recorded during the last 10 s of the 20 s stimulation periods, to yield the stimulation induced change in NO efflux (Sammut et al., 2006 (Sammut et al., , 2007 . The average NO concentration observed over 2e3 stimulation trials was considered the control effect to which responses recorded following drug administration were compared.
In histochemical experiments, the optical density of standardized areas of the msNAc subregion containing nNOS cell bodies, dendrites and axons was measured using Image J software (NIH; Hoque and West, 2012) . The optical density of the msNAc was measured on a scale ranging from 0 to 255 (0 representing the darkest labeling). Average background staining was measured in the white matter of the anterior commissure and average msNAc optical density values were subtracted from these background values. Optical density measures were obtained from the msNAc within both the right and left hemispheres of all three coronal sections and averaged to give a single value. Prior to combining the data from the right and left hemispheres, we confirmed that no difference in staining was present between the two hemispheres assessed in SAL treated animals (data not shown, one-way ANOVA, p > 0.05). In addition, slides from each treatment group were tested for uniform light transmission through the blank portions of the slide to ensure consistency within measures across groups. The intensity of staining in msNAc was expressed as the mean relative optical density ± SEM. The statistical significance of stimulation and drug-induced changes in measures of NO efflux and NADPHd staining was determined using a one-or two-way ANOVA with a Tukey or Dunnett's post-hoc test, or t-test as indicated.
Results
Electrode placements
All stimulating electrode tips were localized within the hippocampal fimbria between 0.92 and 1.8 mm posterior to bregma, 1.1 and 2.6 mm lateral to the midline, and 3.0 and 4.5 mm ventral to the surface of the skull. All identified placements for NO electrodes implanted into the msNAc were localized between 0.7 mm and 1.7 mm anterior to bregma, 0.5 and 1.25 mm lateral to the midline, and 6.0 and 8.25 mm ventral to the surface of the skull (Paxinos and Watson, 1986) .
3.2. NO efflux elicited in the msNAc during electrical stimulation of the fimbria is frequency-and intensity-dependent In order to explore the impact of fimbria stimulation on nNOS activity in the NAc, we tested a series of distinct electrical stimulation protocols designed to activate this area. Fimbria-evoked NO efflux in the msNAc was strongly dependent on the frequency of electrical stimulation (Fig. 2, F(2,20) ¼ 27.828, p < 0.001; two way RM-ANOVA). Evoked NO efflux in the msNAc was also found to be dependent on a modest but significant interaction between frequency and intensity of fimbria stimulation (Fig. 2, F(4,20) ¼ 2.869, p ¼ 0.05; two way RM-ANOVA). Post-hoc comparisons revealed that NO efflux evoked during higher frequencies of fimbria stimulation (5 and 50 Hz) was significantly greater than NO efflux observed during low frequency pulses (0.5 Hz) to the fimbria (Fig. 2 , Tukey post-hoc test). The effect of intermediate (5 Hz) fimbria stimulation on msNAc NO efflux was not dependent on the intensity of the stimulation (Fig. 2 , p > 0.05, Tukey post-hoc test). However, high frequency train stimulation (50 Hz) elicited a robust increase in NO efflux that was found to be dependent on the current intensity (1000 mA > 500 mA) of stimulation (Fig. 2 , Tukey post-hoc test). Lastly, the effect of high (50 Hz) frequency stimulation using 1000 mA current amplitudes was found to be larger than the effects of this same current amplitude delivered using intermediate (5 Hz) fimbria stimulation frequencies (Fig. 2 , Tukey post-hoc test).
Systemic administration of the selective nNOS inhibitor NPA attenuates NO efflux elicited in the msNAc during high frequency train stimulation of the fimbria
To assess the contribution of nNOS activation to fimbria induced NAc NO efflux, train stimulation (50 Hz, 750 mA) was delivered after systemic administration of SAL or the selective and potent nNOS inhibitor NPA (20 mg/kg, i.p.). Fimbria-evoked NO efflux in the msNAc was strongly dependent on nNOS activity as the magnitude of evoked NO efflux was reduced in NPA treated rats as compared to SAL treated controls (Fig. 3, F(1,27) ¼ 6.694, p < 0.05, two way RM-ANOVA). Post-hoc comparisons revealed that NO efflux evoked in the msNAc by fimbria stimulation was strongly attenuated 40 min post-NPA administration, and a trend towards a decreased was still evident 60 min post-drug (Fig. 3, Tukey post-hoc test) . These results indicate that fimbria-evoked NO efflux in the NAc is largely dependent on activation of the nNOS isoform.
NADPH-d staining elicited in the msNAc via electrical stimulation of the fimbria is dependent on stimulation frequency and nNOS activity
In parallel experiments, NADPH-d histochemistry was used to further assess the impact of fimbria stimulation on nNOS activity measured in the msNAc. As observed in the amperometry studies, electrical stimulation (0.5 Hz and 50 Hz, 750 mA) of the hippocampal fimbria elicited a stimulus frequency-dependent increase in NADPH-d staining as compared to sham-treated controls (Fig. 4 top,  F(2,14) ¼ 23.148, p < 0.001, one way ANOVA). Post-hoc comparisons revealed that low frequency (0.5 Hz) electrical stimulation activated nNOS in the msNAc as compared to sham-simulated animals (Fig. 4 top, Tukey post-hoc test). 50 Hz train stimulation of the fimbria produced a robust increase in nNOS activity in the msNAc as compared to animals receiving sham stimulation, an effect which was significantly greater than that observed in the 0.5 Hz stimulation group (Fig. 4 top, Tukey post-hoc test).
We next assessed whether the increase in msNAc NADPHd staining induced by fimbria stimulation was dependent on nNOS activation. Train stimulation (50 Hz, 750 mA) was delivered to Fig. 2 . NO efflux elicited in the msNAc via electrical stimulation of the fimbria is dependent on both frequency and intensity of stimulation. Top: Representative traces demonstrating the impact of fimbria stimulation delivered across a range of different frequencies (0.5e50 Hz) and intensities (0.5e1.0 mA) on NO efflux recorded in the msNAc using NO selective electrodes. Dashed vertical lines indicate the initiation and termination of the stimulation period (20 s). Bottom: High frequency train stimulation (50 Hz, 20 s, 0.5 ms pulse duration, 2 s inter-train interval) significantly increased msNAc NO efflux over that evoked during low frequency stimulation (0.5 Hz, 20 s, 0.5 ms pulse duration) delivered using stimulus pulse intensities of 500, 750 or 1000 mA (**p < 0.01, ***p < 0.001). Intermediate frequency stimulation (5 Hz) also significantly increased msNAc NO efflux over that evoked during low frequency (0.5 Hz) stimulation at all tested stimulus intensities (*p < 0.05; **p < 0.01). Greater NO efflux was evoked at the 1000 mA stimulus intensity when delivered At 50 Hz as compared to 5 Hz ( jj p<0.01). The magnitude of NO efflux evoked by robust fimbria stimulation (50 Hz, 1000 mA) was also significantly greater than that evoked by pulses having lower stimulus intensities (50 Hz, 500 mA) ( ### p < 0.001). Results are expressed as the mean ± SEM and are derived from n ¼ 8 rats.
the fimbria 20 min after systemic administration of SAL or NPA (20 mg/kg, i.p.). Administration of NPA attenuated staining in the msNAc elicited by fimbria stimulation (Fig. 4 bottom, t-test) . These results support the amperometry studies indicating that the increase in msNAc NOS activity induced by fimbria stimulation is at least partially dependent on activation of the nNOS isoform.
DA D1 agonist and D2 antagonist administration potentiates the effects of fimbria stimulation on NADPH-diaphorase staining in the msNAc
In order to examine the potential role of DA D1 and D2 receptor activation in modulating the effects of hippocampal fimbria afferents on nNOS activity, either SAL, the D1 agonist SKF (500 mg/kg, i.p.), or the D2 antagonist ETI (100 mg/kg, i.p.) was administered 20 min prior to electrical train stimulation (50 Hz, 750 mA) of the fimbria pathway. The facilitatory effect of high frequency train stimulation of the hippocampal fimbria on NADPH-d staining was potentiated in the msNAc following systemic administration of both SKF and ETI (Fig. 5, F(2,15) ¼ 16.386, p < 0.001, one way ANOVA). Post-hoc comparisons revealed that the increase in msNAc NADPH-d staining induced by fimbria stimulation was potentiated by both SKF and ETI pretreatment (Fig. 5 , Dunnett's post-hoc test), indicating that nNOS activity in the msNAc is facilitated by robust activation of hippocampal afferents in a manner that is elevated by DA D1 receptor stimulation and attenuated by of the fimbria was potentiated by systemic administration of either the DA D1 agonist SKF (500 mg/kg, i.p.) or the DA D2 antagonist ETI (100 mg/kg, i.p.) as compared to saline treated controls (*p < 0.05). Results are expressed as the mean ± S.E.M. from n ¼ 5e7 rats per group. DA D2 receptor activation.
Discussion
We have found that glutamatergic hippocampal afferent projections to the msNAc stimulate nNOS activity and NO production in a manner that is dependent on both the frequency and intensity of stimulation. Furthermore, our results showed that systemic administration of either a DA D1 receptor agonist or a D2 receptor antagonist potentiates nNOS activity in the msNAc elicited by stimulation of the hippocampal fimbria. These studies demonstrate for the first time that NO synthesis in nNOS expressing interneurons in the msNAc is driven by activation of hippocampal afferents in a manner that is differentially regulated by DA D1 and D2 receptor activation. These findings have implications for our understanding of the role of NO and DA interactions in the generation of motivational processes in the msNAc and related circuitry.
Hippocampal afferents to the msNAc stimulate nNOS activity
The msNAc receives glutamatergic projections from the prefrontal cortex, basolateral amygdala, midline and intralaminar thalamic nuclei, and the hippocampal formation (Brog et al., 1993; Finch, 1996) . The ventral subiculum of the hippocampus projects mainly to the medial NAc via the fimbria (Kelley and Domesick, 1982; French et al., 2005) . The current studies show that electrical stimulation of the ipsilateral fimbria transiently increased NO efflux in the msNAc in a stimulus intensity-and frequencydependent manner. The stimulation parameters utilized in the current study were designed to mimic the phasic and tonic firing patterns of units observed in ventral subiculum circuits (Menendez de la Prida et al., 2003) . Furthermore, we show that fimbria stimulation alters the intensity of NADPH-d staining in a frequencydependent manner that is consistent with observations made using NO microsensors. Low frequency, tonic stimulation (0.5 Hz) of the fimbria resulted in an increase in NADPH-d staining in the msNAc as compared to sham-stimulated animals. Studies using the nNOS inhibitor NPA, revealed that both NO efflux and NADPHd staining in the msNAc are robustly increased during intense, phasic activation of hippocampal inputs in a manner which is at least partially dependent on neuronal sources of NO. These studies are consistent with microdialysis studies showing that activation of the hippocampal fornix increases the release of GABA and NO via the activation of local interneurons in the NAc (Kraus and Prast, 2002) . More recent studies by Prast and colleagues have showed that local field potentials evoked in the NAc during low frequency electrical stimulation of the parafascicular thalamus are attenuated by pretreatment with the non-selective NOS inhibitor L-NAME (Kraus et al., 2014) , indicating that thalamic inputs may also drive NOS interneurons to synthesize and release NO in the msNAc. The activation of nNOS interneurons is most likely mediated via a direct effect of glutamatergic afferents as anatomical studies have shown that these neurons express NMDA receptor mRNA (Price et al., 1993) and protein (Gracy and Pickel, 1997) . Recent studies by Kalivas and colleagues have also shown that selective activation of metabotropic glutamate receptor 5 stimulates NO release from nNOS interneurons in the NAc core (Smith et al., 2017) . Taken together, these studies indicate that graded, phasic activation of afferents from the fimbria stimulate NO production via glutamatergic activation of nNOS activity.
Dopaminergic modulation of nNOS activity
The msNAc receives dopaminergic projections primarily from the ventral tegmental area (Beckstead et al., 1979) . The msNAc sends efferents to the ventral pallidum, which in turn, projects to the mediodorsal thalamus, ultimately connecting to the prefrontal cortex (Ikemoto, 2007) . Observations that robust stimulation of the hippocampal fimbria increases NOS activity in a manner which is potentiated by DA D1 receptor activation suggest that nNOS expressing interneurons in the msNAc may act to integrate coincidental input from DA neurons in the VTA and excitatory afferents arising from limbic regions such as the hippocampus. These observations are consistent with numerous studies showing that systemic administration of DA D1 receptor agonist increased NO efflux in the dorsal striatum via a nNOS and D1 receptor-dependent manner (Sammut et al., 2006 (Sammut et al., , 2007 Park and West, 2009 ). Other laboratories have reported that DA D1 receptor activation elevated striatal tissue levels of cGMP (Altar et al., 1990; Di Stefano et al., 2005; Suiciak et al., 2006) , whereas D1 antagonism produced the opposite effect (Altar et al., 1990; Di Stefano et al., 2005) . In addition, bath application of the DA D1 receptor agonist SKF 38393 produced a strong depolarization of the membrane of nNOS interneurons recorded in striatal brain slices in the presence of tetrodotoxin (Centonze et al., 2002 (Centonze et al., , 2003 . This indicates that DA D1 receptor agonist induced activation of striatal nNOS interneurons/NO synthesis is most likely due to a direct effect on the nNOS interneuron. The effects of these drug manipulations are likely to translate to the ventral striatum including the msNAc, as they are consistent with observations from the current study.
Although nNOS interneurons in the dorsal striatum are thought to express DA D1-like (probably D5) receptors (Le et al., 1991; Centonze et al., 2003; Rivera et al., 2002) , to our knowledge, no evidence has been advanced to show that DA D2 receptors colocalize with any of the known markers of nNOS interneurons (e.g., somatostatin, neuropeptide Y, nNOS, and NADPH-d staining). These reports suggest instead that the DA D2 receptor-mediated effects observed herein are indirect in nature (e.g., driven by suppression of excitatory glutamatergic or cholinergic inputs to nNOS interneurons). Our results, do however, confirm and extend our previous reports of the role of DA D2 receptor activation in suppressing nNOS activity in the dorsal striatum (Sammut et al., 2007; Hoque et al., 2010) and NAc (Hoque and West, 2012) , as in the current study ETI administration potentiated NADPH-d staining evoked via fimbria stimulation in the msNAc. Using NO selective microsensors, our lab previously has shown that DA D2 antagonism increases NO efflux in the dorsal striatum evoked via electrical stimulation of the substantia nigra. Conversely, DA D2 receptor stimulation decreases evoked NO efflux (Sammut et al., 2007) . Thus, under non-stimulated conditions, endogenous DA tonically suppresses basal nNOS activity via DA D2 receptor activation. When nNOS activity is robustly stimulated by excitatory inputs, further DA D2 receptor activation, mediated by phasic DA transmission, will oppose afferent drive. Therefore, DA D2 receptor antagonism induced following ETI administration is likely to remove this inhibition and allow for unchecked potentiation of nNOS activity by excitatory inputs.
Conclusions
Although the msNAc is considered a part of the ventral striatum, it has a distinct functional role in the integration of cognitive and motivational processes (Mogenson et al., 1980; Floresco, 2015; Dalley and Robbins, 2017) . Mogenson et al. (1980) described the NAc as the "limbic-motor interface". This original concept has driven considerable research into the functional properties of NAc neuronal cell populations. Studies have shown that the NAc serves as a point of convergence, integrating affective, cognitive and motor information from a variety of inputs (O'Donnell, 2003; Floresco, 2015; Grace, 2016) . In the striatal complex, excitatory glutamatergic projections synapse both on MSNs and local circuit neurons (Fujiyama and Masuko, 1996; Hidaka and Totterdell, 2001; French et al., 2005) . Interestingly, the glutamatergic hippocampal projections and DAergic VTA inputs have been shown to converge on the nNOS interneurons (Meredith and Totterdell, 1999; French et al., 2005) . Given this central role in the integration of glutamatergic and DAergic transmission, nitrergic interneurons within the NAc may be vital to the coordination of the "limbic-motor interface" described by Mogenson et al. (1980) . Therefore, pharmacotherapies designed to manipulate NO signaling and/or transmission across hippocampal-NAc synapses may be efficacious for the treatment of neuropsychiatric disorders such as schizophrenia, depression, and addiction.
